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1. INTRODUCTION
The intrinsic artiscstropic properties of a forested

surface are described by its Bidirectional Reflectance
Distribution Function (BRDF). Therefore canopy
shape and roughness parameters can be inferred from
the BRDF of a scene or pixel. Furthermore, a bihemis-
pherical integration of the BRDF generates a surface al-
bedo or hemispherical reflectance for that pixel (an im-
portant quantity for energy budget and climate studies).
With the advent of EOS sensors such as MISR (with its
multiple views) or MODIS (with its wide across-track
field of view), remotely sensed directional reflectance
will be available to serve as samples across the BRDF
of a surface. Physical models can be used in conjunc-
tion with this directional data to reconstruct the BRDF
and tdtirnatel y retrieve surface characteristics or com-
pute surface albedo values.

The Li-Strahler (1992) geometric-optical model
has been used successfully to determine the BRDF and
surface albedo of forested scenes. The model treats a
canopied surface as an assemblage of partially il-
luminated tree crowns of ellipsoidal shape, and through
geometric~ptics and Boolean set theory, models the
proportion of sunlit or shadowed canopy and back-
ground as a function of view angle. The model has
been modifkd to accommodate a sloping surface in its
computation of bidirectional and hemispherical reflec-
tance. The model domain (or sensor FOV) is assumed
to be smaller than the slope as the geometric-optical
model produces direct beam results and does not ac-
commodate the effects of diffuse radiation reflecting
off of adjoining terrain.

2. PROCEDURE
To explore the variability due to topography,

model bidirectional and hemispherical reflectance
wem czdculated for a scene that realistically simulates
an orographically complex region of the Sierra Nevada.
Extensive field data from this region (Woodcock et al.,
1994) were available to initialize the geometric-optical
model for three forest types (hardwcmds, mixed con-
ifers, and pines). Figure la shows the distribution of
landcover types over the ~ while in Figure lb each
different Iandcover/slope/aspect facet in the region is
identified. The geometric-optical spectral results were
combined to produce full spectrum albedos for each
forest type (West and Goward, 1987). They were frost
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computed with a level terrain assumption and then
computed for each slope/aspect facet. Several different
illumination conditions were used to capture the varia-
tion in scene surface albedo over time.

3. RESULTS
Although the spectml BRDF of a foreat type can

display a distinctly different shape depending on the
slope and aspect (Figure 2), there is littJe variability ex-
hibited by the full spectrum hemispherical reflectance
(Figures 3 and 4). The variation due to aspect is neglig-
ible except on the steepest slopes (30° and higher --
less than 10% of this scene). The scene rdbedos assumi-
ng level terrain are displayed as an image in Figures 3a
and 4a while the scene albedos assuming realistic ter-
rain are displayed in Figures 3b and 4b. The minimal
differences between Figures 3 and 4 (mainly a general
increase in the magnitudes of all of the albedoa) are due
to different illumination conditions. Topographic shad-
ing (with its obvious impacts on surface albedo) is not a
problem (c2% of the scene) at either of solar positions.

4. CONCLUSIONS

The shape of the BRDF exhibited by a canopy can
vary signifkantly depending on the slope and aspect.
This raisesconcerns for the accurate reconstruction of a
BRDF from a few remotely sensed directional measure-
ments. However, albedo seems to be a fairly conserva-
tive value (although a signifkant variation in albedo
can still be expected on extremely steep slopes (>30°)
or on those slopes experiencing topographic shading).
The differences in hemispherical reflectance due to
species signature and Bee shape, height and density ap-
pear to be more important than those due to slope and
aspect. These results suggest that surface albedo can be
specilled on resolutions conforming to the surke cov-
er rather than the complexity of the terrain.
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Figure 1. The disrnbution of landcover types (level terrain assumption) over the simulation scene (left) and the dis-
rnbution of landcover/slope/mPect facets (right). The darkest shades are the hardwoods, the medium gmy d’kdes
are the mixed conifers and the light grey shades are the pines, while nonmodeled landcovers such as water, barren,
and brush are in white.

Figure 2. Near-infrared BRDF simulations of a mixed
conifer canopy on (a) level terrain, (b) a north facing
30° slope, and (c) a west facing 30° slope. The illumin-
ation conditions are appropriate for July at 10AM
(solar zenith angle of 42.62°, azimuth angle of 81.9°
counterclockwise from south). Each three-dimensional
BRDF is displayed in a rectangular coordinate system
where each view angle in the hemisphere is taken as a
pair of polar coordinates and transformed onto the x-y
plane as a vector of unit length. Corresponding n4lec-
tances are then plotted along the z axis.
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Figure 3. The morning (solar zenith angle of 42.62°) albedos displayed as images. The modeled level terrain al-
bedos for a morning solar zenith angle of 42.62° are .20 for hardwoods, .16 for mixed conifer and .14 for pines
(left). The modeled topographic albedos range horn .20 to .095 (right). The nonmodekd barren and brash is white
and water is black.

Figure 4. The midday (solar zenith angle of 15.89°) rdbedos displayed as images. The modeled level terrain al-
bedos for a morning solar zenith angle of 42.62° are .19 for hardwoods, .13 for mixed conifer and .12 for pines
(left). The modeled topographic albedos range from .19 to .087 (right). The nonmodeled barren and brush is white
and water is black.
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